12. Honda, M., Miura, K., Kuratsu, J., and Hayashi, H.: Characterization of a macrophage chemotactic lymphokine produced by purified protein derivative stimulation in vilro and in vivo. Cell Immund., 67: 213 (1982 Department of Pediatrics, Hirosaki University, School of Medicine, Hirosaki, Japan
Summary
We studied atrial and ventricular pacing-elicited tachycardia in mongrel adult dogs to evaluate ensuing changes in cardiac function and myocardial metabolism. The aortic pressure, left ventricular pressure, and left ventricular end diastolic pressure were measured under anesthesia. Using an electromagnetic flowmeter, coronary blood flow and aortic blood flow were recorded simultaneously with the recording of ECG. Atrial and ventricular pacing (1.5 times the basic heart beat) were performed using a catheter introduced via the jugular vein and positioned in the coronary venous sinus.
Aortic blood and coronary venous blood were sampled for determination of blood oxygen concentrations and lactic acid concentrations. The results showed that oxygen extraction changed little compared with the control study on atrial pacing (AP) and ventricular pacing (VP) whereas the lactate uptake showed little change in the AP control study but decreased slightly in the VP study. It appears that aerobic metabolism occurs during both AP and VP when the pacing rate is not more than 1.5 times the basic heart beat. 
PLVED, left ventricular end diastolic pressure VP, ventricular pacing
Along with the advances in the treatment and diagnosis of heart diseases, there has been progress in artificial pacemakers. The pacemaker is now used frequently for the treatment and prevention of arrhythmia in both children and adults. Although previous studies have shown clearly that AP is more physiologic and desirable than VP, there are some cases which necessitate the use of VP because of the condition of the illness (1, 4, 6).
There is little opportunity to investigate clinically a tachycardiac state that is maintained by AP or VP for an adequate length of time. An attempt to learn to what extent tachycardia can be maintained by AP or VP, even though nonphysiologic, is by no means useless. From such a viewpoint, we induced experimentally tachycardia by AP and VP in mongrel adult dogs and studied changes in cardiac function and myocardial metabolism.
SUBJECTS AND METHODS
Ten mongrel dogs weighing 14-24 kg were anesthetized by intravenous injection of pentobarbital (30 mglkg). After intratracheal intubation, a ventilator was used to achieve a constant pH and PO2 in arterial blood.
With the animals fixed in a supine position, a median incision was made. The pericardial membrane was cut widely from the center to the apex. As shown in Figure 1 , a catheter was introduced from the femoral artery and positioned in the arch of the aorta and left ventricle. The catheter was to a Statham P23Db transducer for measuring the PAO, PLV, and PLVED. Using an electromagnetic flowmeter placed at the proximal end of both the aorta and the anterior descending branch of the left coronary artery, the ABF and CBF were recorded simultaneously with the recording of electrocardiogram. In addition, a catheter introduced from the jugular vein was positioned in the coronary venous sinus, while a pacing catheter was positioned in the right atrium or right ventricle depending on the experimental condition. In the right atrium, the pacing was positioned high on the side wall and in the right ventricle at the apex. As a control study, measurements were taken before pacing. The intensity of pacing was 2 times the threshold for the sensitivity, and the duration was set as 2 ms. The pacing rate was set as 1.5 times the basic heart beat and the duration was 5 min. Immediately before completion of the pacing, aortic blood and coronary venous blood were sampled simultaneouslv for the determination of blood oxygen concentrations and lactic acid concentrations and, also, for the calculation of oxygen extraction and lactate uptake. Cardiac function. Figure 2 shows results obtained from the control study (left) and on AP (right). PLV showed little change compared with the control. As for PAO, the systolic pressure showed no change, but the pulse pressure decreased slightly. ABF showed little change. Figure 3 shows the cardiac function on VP.
PAO and PLV decreased about 20%. PLvED showed little change.
Oxygen extraction. Oxygen extraction was determined as follows:
Aortic blood oxygen concentration -coronary venous blood oxygen concentration/aortic blood oxygen concentration A comparison was made between the oxygen extraction in the control study (before pacing) and during pacing. The results are shown in Figure 4 . The oxygen extraction showed little change during AP but rose slightly during VP compared with that before : q r a t e pacing. There was no significant difference (P < 0.05) in the rate Fig. 4 . Oxygen extraction showed little change during AP but rose of elevation between AP and VP.
slightly during VP compared with that before pacing. Lactate uptake. The lactate uptake was determined as:
Results are shown in Figure 5 . During AP, the lactate uptake
Aortic blood lactic acid -coronary venous blood lactic acid/ showed little change or rose slightly compared with the control; aortic blood lactic acid however, during VP, it decreased in most cases.
L a c t l t e u p t a k e
P a c i n g r a t e 
DISCUSSION
The clinical use of either AP or VP depends on the condition of the illness. AP is useful when there is sinus arrest or atrioventricular dissociation whereas VP is effective for the prevention or treatment of ventricular extrasystole and other stimulus abnormalities that occur after operation (9) . At the conventional pacing rate no difference in cardiac function is seen between these two methods of pacing. It is interesting to consider what changes in cardiac function and myocardial metabolism will be brought about by tachycardia, and to what extent of tachycardia will the aerobic metabolism be possible. To study these questions, we conducted experiments using mongrel adult dogs.
The basic heart beat of the experimental dogs was 90-120 beatlmin. As the pacing rate by the overdrive showed individual differences, a comparison was made at a fixed rate for the sake of convenience. The pacing rate of 1.5 times the basic heart beat was chosen because the Wenckbach phenomenon occurred when the pacing rate was 2 times the basic heart beat. PAo, PLV, PLVED, ABF, and CBF were used as indicators of cardiac function.
The double product is the product of the HR and PLV; therefore, HR as reflected by the pacing rate is influenced by PLv. The cardiac output is the product of the stroke volume and HR (2) . In this case, too, stroke volume may be replaced by ABF. From the above equations, it follows that the double product rises at 1.5 x 1.0 = 1.5 compared with the control because PLv remains unchanged during AP, and rises slightly at 1.5 x 0.8 = 1.2 because PLV decreases about 20% during V P . Likewise, cardiac output rises during AP and slightly rises during V P .
Oxygen supply is important for myocardiun metabolism. The relationship may be expressed as oxygen supply = (A -V)
oxygen dissociation x CBF. As for the oxygen extraction, the relationship may be expressed as: oxygen extraction = (A -V)02/A02 (2, 3, 8) . In the present experiment, the oxygen extraction showed little change or rose slightly during both AP and V P . This means that the oxygen supply is influenced mainly by CBF. CBF showed little change during AP but decreased during VP compared with the control. This suggests that the oxygen supply is insufficient during V P . As for the oxygen demand, the relationship is expressed as the oxygen demand = PLV . HR. LVEDV (2, 8) . LVEDV may be replaced by P L V E D and showed little change on AP and VP; thus PLv and HR may be used as the parameters for the oxygen demand before and after pacing. After pacing, HR was 1.5 times the basal rate whereas PLV hardly changed during AP and decreased about 20% during VP compared with the control. Mathematically, this means that the oxygen demand increased about 1.5 times during AP and about 1.2 times during VP compared with the control. Usually, the oxygen supply and the oxygen demand are well balanced or at least there is an adequate oxygen supply in the myocardium. When the oxygen supply exceeds the oxygen demand the metabolism becomes aerobic; conversely, the metabolism becomes anaerobic when the oxygen demand exceeds the oxygen supply.
The lactate uptake indirectly reflects the oxidated state of the NAD system. That is, a rise in the lactate uptake indicates a condition of aerobic metabolism. Under aerobic conditions, the lactate uptake does not decrease. A fall in the lactate uptake suggests an anaerobic state (5, 7). It appears that aerobic metabolism occurred during AP because the lactate uptake hardly changed or rose slightly.
The oxygen supply presumably does not go below the oxygen demand with the pacing rate about 1.5 times the basic heart beat, although CBF remains almost unchanged. During V P , however, lactate uptake decreased slightly. This suggests that the oxygen demand exceeds the oxygen supply. As evidence to substantiate this speculation, mention is made of a decrease in CBF as the oxygen supply increased during V P . This CBF is proportional to the mean aortic pressure. During VP, the ventricle is not completely filled because of insufficient contraction of the atrium. Furthermore, changes in the mode of intraventricular conduction of excitation exert an influence on the atrial contraction resulting in a decrease in cadiac output. Consequently a decrease in PLV and PAO cause a decrease in CBF, eventually leading to a decrease in the oxygen supply.
In the present study, the oxygen demand was 1.2 times the control. This probably caused an oxygen debt because the oxygen supply decreased over 20% compared with the control. Accordingly, whether or not the aerobic metabolism takes place from the aspect of the myocardial metabolism during AP and VP appears to depend on the balance between the degree of reduction in both PLV and CBF. Measuring the blood pressure during AP or VP and using the mean aortic pressure as a guideline are important clinically because measuring CBF at bedside is difficult. At least in this experiment, the pacing rate 1.5 times the basic heart beat led to aerobic metabolism during AP and anaerobic metabolism during VP from the aspect of the myocardial metabolism; therefore, the aerobic metabolism may take place at a pacing rate not more than 1.5 times the basic heart beat. Our experiments were performed under anesthesia and the duration of pacing was set as 5 min. Before AP and VP are applied clinically in the future, it is necessary to conduct studies under various experimental conditions.
